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The Environmental Protection Agency (EPA) is
a statutory body responsible for protecting
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police activities that might otherwise cause
pollution. We ensure there is solid
information on environmental trends so that
necessary actions are taken. Qur priorities are
protecting the Irish environment and
ensuring that development is sustainable.
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established in July 1993 under the
Environmental Protection Agency Act, 1992.
Its sponsor in Government is the Department
of the Environment, Heritage and Local
Government.
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LICENSING

We license the following to ensure that their emissions
do not endanger human health or harm the environment:

B waste facilities (e.g., landfills,
incinerators, waste transfer stations);

B large scale industrial activities
(e.g., pharmaceutical manufacturing,
cement manufacturing, power plants);

B intensive agriculture;

W the contained use and controlled release
of Genetically Modified Organisms (GMOs);

W large petrol storage facilities.

B Waste water discharges

NATIONAL ENVIRONMENTAL ENFORCEMENT

B Conducting over 2,000 audits and inspections of
EPA licensed facilities every year.

B Overseeing local authorities” environmental
protection responsibilities in the areas of - air,
noise, waste, waste-water and water quality.

B Working with local authorities and the Gardai to
stamp out illegal waste activity by co-ordinating a
national enforcement network, targeting offenders,
conducting investigations and overseeing
remediation.

B Prosecuting those who flout environmental law and

damage the environment as a result of their actions.

MONITORING, ANALYSING AND REPORTING ON THE
ENVIRONMENT

B Monitoring air quality and the quality of rivers,
lakes, tidal waters and ground waters; measuring
water levels and river flows.

B Independent reporting to inform decision making by
national and local government.

REGULATING IRELAND'S GREENHOUSE GAS EMISSIONS

B Quantifying Ireland’s emissions of greenhouse gases
in the context of our Kyoto commitments.

B Implementing the Emissions Trading Directive,
involving over 100 companies who are major
generators of carbon dioxide in Ireland.

ENVIRONMENTAL RESEARCH AND DEVELOPMENT
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(including air and water quality, climate change,
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B Assessing the impact of plans and programmes on
the Irish environment (such as waste management
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ENVIRONMENTAL PLANNING, EDUCATION AND
GUIDANCE

B Providing guidance to the public and to industry on
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applications, waste prevention and environmental
regulations).

B Generating greater environmental awareness
(through environmental television programmes and
primary and secondary schools’ resource packs).

PROACTIVE WASTE MANAGEMENT

B Promoting waste prevention and minimisation
projects through the co-ordination of the National
Waste Prevention Programme, including input into
the implementation of Producer Responsibility
Initiatives.

B Enforcing Regulations such as Waste Electrical and
Electronic Equipment (WEEE) and Restriction of
Hazardous Substances (RoHS) and substances that
deplete the ozone layer.

B Developing a National Hazardous Waste Management
Plan to prevent and manage hazardous waste.

MANAGEMENT AND STRUCTURE OF THE EPA

The organisation is managed by a full time Board,
consisting of a Director General and four Directors.

The work of the EPA is carried out across four offices:
B Office of Climate, Licensing and Resource Use

B Office of Environmental Enforcement

B Office of Environmental Assessment

B Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve
members who meet several times a year to discuss
issues of concern and offer advice to the Board.
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1 Introduction

The Office of Climate Licensing and Resource Use
(OCLR) of the Environmental Protection Agency
(EPA) acts as the inventory agency in Ireland with
responsibility for compiling, reporting and improving
national greenhouse gas inventories. This project seeks
to improve the methodology for the estimation of flaring
and utilisation of landfill gas.

Landfill gas contains the greenhouse gases methane
(CH,) and carbon dioxide (CO,). In order to offset the
CH, content and combust other trace components,
landfill gas is flared and utilised. Other components of
landfill gas also have global warming potential but these
are outside the scope of this study (details of trace

components can be found in UK Environment Agency
guidance [EA, 2004a]).

There is no formal mechanism in place for reporting
flaring and utilisation of landfill gas in Ireland. According
to the National Climate Change Strategy 2007-2012
(Department of Environment, Heritage and Local
Government, 2007), waste activities account for 2.5%
of national greenhouse gas emissions.

This report has been prepared as per the structure
of the 'Request for Tenders for the Environmental
Protection Agency, Estimates of Methane Recovery on
Landfill Gas Flaring and Utilisation’ brief. This tender
was prepared by the Climate Change Unit of the EPA.
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2 Landfill Gas Flares

This section of the report addresses Task 1 of the Brief
as outlined in the following requirements:

e Identify the landfills where flares are used or have
been used;

e Determine the mode and periods of operation for
flares and other technical information relevant to
gas consumption;

e Quantify the CH, input to individual flares and
compile the national total for all relevant years.

Historically, open flares were used on landfills, especially
as temporary flares. It is now a condition of EPA waste
licences that enclosed flares are employed for improved
emissions control.

2.1 Flare Use

A survey of the major flare suppliers to the Irish market
was carried out as part of this project. Table 2.1 shows
the different types of flare that are reported to have
been operational in Ireland in the period 1996-2008. It
was found that:

e 86 flares were operational from 1996-2008;

e 53 flares were in use in 2008 (of which 5 are open
flares).

Figure 2.1 shows the number of sites that were flaring
CH, during the period 1996-2008.
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Figure 2.1. Number of sites with operational flares, 1996—2008.
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Table 2.1. Landfill gas flares at Irish landfills, 1996-2008.

Model Capacity Type No. flares No. flares
(m3/hr) reported as reported as
operational operational,
1996-2008 2008

(AFS) HT1000 1,000 enclosed 3 3
(AFS) HT1200 1,200 enclosed 2 2
(AFS) HT150 150 enclosed 1 1
(AFS) HT250 250 enclosed 3 3
(AFS) HT500 500 enclosed 1 10
(AFS) HT750 750 enclosed 6 5
AFS 500 (Open) 500 open 1

Biogas BG2468 1,000 enclosed 1 1
Biogas Flare 1,250 open 1 1
Fans and Blowers 1500 1,500 open 1

Flare Tech 500 500 open 2 1
Haase 1750 1,800 enclosed 1 1
Haase 2500 Haase HT 12.5 2,500 enclosed 7 7
Haase 500 500 enclosed 2 1
Haase 500 500 open 1

Haase 600 600 enclosed 2 2
Haase HTN 2000 2,000 enclosed 2 2
Haase Technik Enclosed Fare 4,000 enclosed 1 1
Haase Technik Enclosed Flare 1,500 enclosed 5 3
Hofsetter 250 open 1

Hofsetter EGH-01A 250 open 2

Organics 750 750 open 1

Organics 750 750 enclosed 1 1
Organics f300 300 enclosed 1 1
Organics Open Flare 4,000 open 1 1
Organics SC250 250 enclosed 1 1
Organics Type HTN 1,500 enclosed 2 1
Organics 1,500 open 2

Small mobile diesel powered flare unknown enclosed 1

Small mobile electrically powered flare unknown enclosed 1

UF0-2500 2,500 open 2 1
UFO-500 500 enclosed 2 1
UFO-500 500 open 5

Unknown 250 open 3

Unknown 500 open 5

Unknown 1,500 open 1 1
Unknown 1,500 enclosed 1 1
Total no. flares operational 86 53




Estimates of Methane Recovery in Landfill Gas Flaring and Utilisation

Table 2.2. Number of sites surveyed.

Status of site Surveyed Survey returns Non-returns Response rate (%)
Open 27 25 2 93
Closed 37 33 4 88
Total licensed sites 64 58 6 91

There are 64 licensed landfill sites in Ireland. Some
of these are ‘active’ and others are ‘closed’. An
active site is defined as a landfill site that is currently
accepting waste material for deposition. A closed site
is defined as a landfill site that has ceased accepting
waste material for deposition. The closed sites have
subsequently been re-developed for other waste-
management activities, the most common being waste-
transfer stations. Landfills that fall into this category are
now regulated under the waste licences for these new
waste infrastructures. A survey was sent to each of the
licensed landfills in Ireland — Table 2.2 summarises the
number of sites surveyed and the response rate.

2.2 Technical Data

All of the major flare and utilisation engine suppliers
in Ireland were contacted at project commencement.
Manufacturers of both flares and engines were reluctant
to provide support information in relation to the criteria
governing the ability and efficacy of units to recover CH,.

The UK Environment Agency has published guidance
documents for monitoring flares and engines. These
documents provide generic information in relation to the
design and performance of both flares and engines.

An extract from the Environment Agency document
(EA, 2004b) states that:

Flares use landfill gas as the fuel and air is
used as the oxidant (containing approximately
21 per cent oxygen). The stoichiometric ratio
of air to CH, for idealised combustion is 9.52:1,
with the basic combustion reaction given by
CH,+20,+7.52N,+CO,+2H,0+7.52N,+heat+light
This stoichiometric mixture represents the
precise amount of air needed to completely
burn one molecule of CH,. If more air is supplied

than required for stoichiometric combustion, the
mixture is termed lean and oxidising. If, however,
too little air is supplied, the mixture becomes too
rich and reducing, and carbon monoxide and
saturated/unsaturated hydrocarbons (non-CH,
volatile organic compounds — NMVOCs) form
during the combustion process. Excess air is
added to provide a lean mixture to aid complete
combustion within the flare. The emissions from
combustion systems can contain compounds
that are:

e Derived from an unburnt fraction of the
gas;

e Products of complete combustion;
e Products of incomplete combustion;

e Contaminants present in the air used in
combustion.

Operating criteria for flares and engines are designed
to optimise combustion at defined temperatures and
gas concentrations. However, landfill gas generation is
not uniform in relation to gas composition or production
rates.

Current licence conditions are designed to control
emissions when CH, is available in sufficient quantities
to facilitate combustion under controlled conditions.

In modern landfills, the decaying waste uses up the
oxygen entrained within the waste and creates anaerobic
conditions (i.e. an absence of oxygen). Under these
oxygen-free conditions, specific anaerobic bacteria
(methanogens) flourish and continue to degrade the
waste, producing landfill gas.

Christiansen and Kjedsen (1989) identify eight distinct
phases in the evolution of landfill gas (Figure 2.2).
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Figure 2.2. Eight phases of landfill gas development (Source: Christiansen and Kjedsen (1989)).

The eight phases are described as:

Phase I: Aerobic — follows waste deposition in which
the residual oxygen is used up. This phase typically
lasts for a few days to a number of months, depending
on local factors such as temperature and moisture
availability.

Phase II: Acid — populations of facultative and
fermentative anaerobic bacteria develop, producing
volatile (aliphatic) acids, CO, and H,, displacing the
remaining N, entrained with the waste. This phase may
last from weeks to years, depending on conditions.

Phase lll: Initial methanogenic — microbial respiration
reduces oxygen concentrations to extremely low
values, allowing populations of methanogenic bacteria
to develop, producing CH,. Concentrations of H, and
CO, start to fall.

Phase IV: Stable methanogenic — the remaining H, is
used in the reduction of CO, to CH, and H,O. Phase IV
may begin within months to years after waste deposition
and last for decades. Typical landfill gas collected in this
phase consists of 40—-65% by volume of CH, with most of
the balance made up by CO,.

Phase V: Air intrusion — the rate of methanogenic
activity begins to fall as substrate is used up, resulting
in air beginning to enter the waste. Lower rates of gas
formation lead to relatively faster washout of CO,, so that
its concentration falls relative to that of CH,.

Phase VI: CH, oxidation — rates of methanogenesis have
now fallen to low levels, allowing the rate of air ingress to
increase, so that surface layers of waste and the capping
material now become aerobic (oxygen rich). Methane
concentration in landfill gas decreases while that of CO,
increases steadily.
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Phase VII: CO, — return of aerobic conditions. At this
stage, the rate of landfill gas formation has almost
ceased because of substrate limitation; anaerobic
decomposition becomes inhibited by the ingress of O,
in the air. This allows the aerobic decomposition of solid
organic matter resistant to anaerobic decomposition.

Phase VIII: Soil air — the final phase occurs when
degradable organic matter has been oxidised and the
landfill gas resembles that of typical soil air.

The duration of each of these phases is highly variable.
Apart from the initial aerobic decomposition, which may
be complete in days to months, the remaining phases
have durations measured in years, decades or even
centuries for the final phases. The concentrations at
which landfill gas cannot be managed using traditional
treatment methods are shown in Figure 5.1 in Section
5 below.

In Phases |, II, VI, VIl and VIII, CH, availability may be
insufficient to facilitate combustion under controlled
conditions. The use of traditional large-scale engines
in these zones is unlikely to be economic, and the
operation of enclosed flares may also be difficult. While
the operation of open flares may be possible, typical
licence conditions prevent such an activity.

In relation to CH, recovery, there is a requirement to
determine how best to deal with these fugitive emissions
that cannot be oxidised using enclosed flares or engines.
In addition to scoping alternative technologies to deal
with this problem, it should be asked whether it is less
damaging environmentally to allow oxidation of CH, in
open flares than to allow CH, to vent to the atmosphere.

2.3 Volume of Methane Flared, 1996—
2007

The following information on flare operation was collated
from each site:

o Number of flares on site;
e  Operational performance of each flare;
e Flare maintenance;

e Recording methods;

e Recorded parameters:
» function of flare on site;
» average flow rate (m%hr);
» average pressure at inlet (mbg);
» average gas quality % v/v (CH,, CO, and O,);
» average runtime (hrs/day).

The volume of CH, flared was calculated from the
recorded parameters.

In general, the quality of data recorded was better for
newer enclosed flares than for older open flares.

Table 2.3 shows that CH, volumes flared in Ireland
between 1996 and 2007. The table was generated from
records of 64 sites that responded to the questionnaire.

Estimates of the volume of CH, flared were made in the
cases where partial information had been recorded in
the survey by the licensee. Typically, this related to the
operation of open flares. In other cases, the licensee
was missing records either of gas quality or of flow rate.
Where partial information was supplied in the survey,
estimates for Table 2.3 were made. Figure 2.3 gives
a comparison of measured volumes and estimated
volumes, demonstrating that the bulk of the data
collected was measured rather than estimated. Typical
examples of the approaches used are presented below:

e If, for example, the flare was operational for 5 years
and there was a full set of data for the last 3 years,
it was assumed that the flare operated to the same
parameters for the first 2 years;

e If no flow records were available for the flare but
the rated flow capacity was defined, a subjective
assessment was made, assuming that the flare
operated at 50% of the defined rated flow capacity
and at 20% v/v CH, for an open flare and at 25% v/v
CH, for an enclosed flare;

e If no data was available, it was defined in the
database behind Table 2.3 as not recorded using
the abbreviation ‘nr’. For example, there were two
instances where the operator knew that two temporary
flares had been in operation on site but there was no
data available about the operational period, capacity,
flare model, gas quality or throughput. A subjective
assessment was not possible in these instances.
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Table 2.3. National total volume of CH, flared, 1996—-2007.

Year CH, flared CH, flared Sum measured and Sum measured and
(measured) (estimated) estimated estimated

(m?3lyr) (m?lyr) (m?3lyr) (thyr)*
1996 10,238,250 2,847,000 13,085,250 9,382
1997 10,238,250 2,847,000 13,085,250 9,382
1998 10,457,250 3,066,000 13,523,250 9,696
1999 10,457,250 3,066,000 13,523,250 9,696
2000 14,735,050 3,230,250 17,965,300 12,881
2001 15,862,900 3,372,600 19,235,500 13,792
2002 26,245,690 9,121,350 35,367,040 25,358
2003 34,937,800 6,241,500 41,179,300 29,526
2004 58,461,386 6,749,098 65,210,484 46,756
2005 62,813,427 1,628,477 64,441,903 46,205
2006 69,014,361 1,249,213 70,263,573 50,379
2007 86,794,263 602,250 87,396,513 62,663
2008* 87,488,323 625,063 88,113,385 63,177

*Preliminary results for the volume of CH, flared in 2008 (estimated based on data to October/November).

** A density of 0.716 kg/m® was assumed.

Figure 2.3 gives a comparison of the volume of estimated
CH, flared to measured CH, flared. The proportion of
estimated CH, diminished with time, so thatin 2007 less
than 1% of CH, flared was estimated from incomplete
data in survey returns.

The density of CH, at standard temperature and
pressure (STP) was used to calculate the mass of CH,

recovered. STP assumes a temperature of 0 °C and an
atmospheric pressure of 1 atmosphere (atm).

In relation to CH, recovery it will be necessary to adjust
data from future audits to reflect the impact of prevailing
atmospheric and temperature conditions on STP or
similar. Accordingly, for standardised estimates of CH,
recovery, future surveys will need to record temperature
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Figure 2.3. Comparison of measured and estimated flared CH,.
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and atmospheric pressure of landfill gas as it enters the
flare or engine.

Sensitivity analysis carried out (not presented in this
report) as part of this study emphasised the need for
flow, gas quality, temperature and pressure records in
order to estimate future CH, recovery accurately. Once
this data is available in the future it may be possible to
calibrate old models and retrospectively adjust historical
estimates if required. It is believed that publishing
sensitivity estimates of input variables (e.g. impact of
alternate flare-rated capacities) in relation to the current
study and other variables to evaluate previous EPA
estimates is inappropriate and may be misleading.

Table 2.4 presents density changes with temperature.

In general terms, a change of plus or minus 10 °C is
likely to impact volumes of CH, approximately equal to
plus or minus 3.5%.

Table 2.4. Impact of temperature change on CH,
density.

Temperature °C Density (kg/m?)
0 0.716
15 0.678
20 0.667
25 0.665
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3 Landfill Gas Utilisation Plants

This section of the report addresses Task 3 of the Brief to:

e Obtain technical information on the plants utilising
landfill gas for electricity generation and on their
landfill gas inputs in order to estimate the precise
energy content and CH, consumption;

e Validate the available estimates of energy input from
landfill gas to such plants for the years 1996—2006
as contained in the Sustainable Energy Ireland
(SEI) energy balances.

There are 6 operational landfill gas-utilisation plants
in Ireland with a combined total of 24 engines. (Plants
range in size from 1 MW to 10 MW.) One site added 3 new
engines in 2008 but these have not yet been connected
to the national grid and therefore are not included in the
calculations of landfill gas utilisation. Five of the sites
have flares to supplement or to provide backup to the
engines. Landfill gas utilisation plants in Ireland are
owned and operated by Bioverda Power Systems Ltd
(BPS). Typically, BPS operates the plants as separate
entities to the landfill sites and is responsible for:

e Operating and maintaining the engines and flares in
their compounds;

e Recording flaring and utilisation data;

e  Supplying the landfill operator with details of engine
runtimes and landfill gas throughput on request.

3.1 Technical Data

Each of the sites with a landfill gas utilisation plant in
Ireland responded to the survey. The total volume
of landfill gas utilised in Ireland from 1996—2007 was
calculated from the following information collated from
each site:

Operation and management:
e Number of engines on site 1996—2007;
e Recording methods.

Recorded parameters:

e Average flow rate (m%hr);

e Average gas quality (CH,, CO, and O,);
e Average runtime (hrs/day);

e Engine rated power output (kW);

e Actual engine power output (kW).

Table 3.1 shows the types and numbers of engines
used in Ireland in 2007.

Table 3.1. Types and numbers of engines used in Ireland, 2007.

Landfill site Model Unit Operational Total rated
rated power engines 2007 power capacity
capacity
kW No. kW
Arthurstown* Jenbacher JMS420 GS-B.L 1,415 7 9,905
Arthurstown Deutz 1250 kW 1,250 1 1,250
KTK Deutz** 620 1,250 3 3,750
Dunsink 1,250 1 1,250
Silliot Hill 1,250 1 1,250
Kinsale Road 1,000 2 2,000
Balleally 1,000 5 5,000
Ballyogan 1,000 2 2,000
Total 26,405

* Three additional engines have been installed on site and are awaiting grid connection from the Electricity Supply Board (ESB).

**It should be noted that many of the engines used in Ireland have been reported in this survey as Deutz 620. It is not clear
whether this model name refers to the output of the engine, although it appears from the reported data that it does not.
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The total volumes of CH, utilised and total power output
were calculated based on data returned by licensees.
Values were calculated as follows and are shown in
Tables 3.2 and 3.3 respectively:

e Total CH, utilised (m?®) = total landfill gas throughput
(m3/hr) x average no. months operational x 30 (days)
x average runtime (hrs/day) x average CH, content
(%Viv);

e Total actual power output (kW) = actual power
output (kW) x average no. months operational x 30
(days) x average runtime (hrs/day).

In 2007, an average of 5,388 m%hr of CH, was utilised
for energy generation.

Licensees were also asked to report the total annual
power output from each utilisation plant on an annual
basis from 1996 to 2007. The total power output from
each site is summed to give a national total in Table 3.4.
These values differ slightly from those calculated from
individual engine outputs (Table 3.3).

Table 3.4. Power output (sum of reported annual
outputs from each utilisation plant).

Year Mw

1996 5.61

1997 8.98

1998 10.41
1999 9.45

2000 9.02

2001 8.61

2002 7.94

2003 8.30

2004 12.91
2005 11.75
2006 14.67
2007 17.99
2008 nr

3.2 Validation of Sustainable Energy

Ireland Energy Balances

Sustainable Energy Ireland (SEIl) has a lead role in
developing and maintaining comprehensive national
and sectoral statistics for energy production and end
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use. The principal source of information for sources
of energy production and consumption in Ireland,
SEl produces an annual national energy balance,
which includes an estimate of the energy produced
indigenously from landfill gas. Table 3.5 presents SEI
results for the years 1996 to 2007. The information
contained in the SEI energy balance reports is collated
from Eirgrid, which operates and maintains the
electricity transmission system.

The SEI reports energy balance data as kilo tonne oil
equivalents (ktoe): 1 ktoe is equal to 11.63 gigawatt
hours (GWh). Eirgrid was contacted during this study
to clarify the methods used to give the values listed
in Table 3.5. Eirgrid stated that, in 2007, 102 GWh of
electricity were exported to the grid from landfill gas
utilisation plants. This is the equivalent of 9 ktoe. SEI
uses an efficiency rating of 36.67 % for landfill generation
plant, a figure provided to them in 2003 by Irish Power,
now BPS. At 36.67% efficiency, SEI determined that
the equivalent estimate of power generation fuelled by
landfill gas was therefore 24 ktoe (278 GWh). Table 3.6
is a comparison of the SEI data and the survey data
and is shown graphically in Figure 3.1.

Table 3.5. Energy produced from landfill gas as
derived from annual Sustainable Energy Ireland
energy balances.

Year Energy generation per
annum (ktoe)*
1996 7
1997 22
1998 21
1999 23
2000 24
2001 24
2002 19
2003 16
2004 20
2005 25
2006 25
2007 24

*As reported in each annual energy balance from SEI.
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Table 3.6. Comparison of Sustainable Energy Ireland (SEIl) data and survey data.

Year Energy generation SEl adjusted Survey of engine Survey of total
per annum (ktoe)’ outputs plant power
(ktoe)? MWh MWh outputs
MWh
1996 7 2.57 29,889 54,224 49,144
1997 22 8.07 93,854 73,672 78,665
1998 21 7.70 89,551 83,395 91,192
1999 23 8.43 98,041 93,119 82,782
2000 24 8.80 102,334 93,119 79,015
2001 24 8.80 102,334 93,119 75,424
2002 19 6.97 81,061 93,119 69,554
2003 16 5.87 68,268 89,177 72,708
2004 20 7.33 85,257 113,968 113,092
2005 25 9.17 106,647 128,422 102,930
2006 25 9.17 106,647 154,351 128,509
2007 24 8.80 102,344 165,564 157,592
" Values reported in SEI energy balances.
2 Values adjusted by efficiency rating (36.57%) in accordance with information from SEI.
— SEIl Adjusted
Survey Engine Outputs
Survey Plant Outputs
180,000
. 160,000
S 140,000
=
‘3’ 120,000
§ 10000 [ e
& 80,000
o % S =
5 60,000 /
240,000 1
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1999 2000 2001
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Figure 3.1. Comparison of Sustainable Energy Ireland and survey data.

The SEl-adjusted figure in Table 3.6 removes the
efficiency assumption used by SEI to reflect the actual
energy outputs from the plant to facilitate comparison of
like with like.

This is necessary as the SEI figure defines the
oil equivalent (which must accommodate engine

inefficiencies), whereas the survey results examine
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only power outputs. Once this adjustment was carried
out, a correlation between megawatts (MW) produced
as defined in the survey and megawatt hours (MWh)
exported to the grid from SEI figures was feasible.

The data in Table 3.6 shows that there is a good
correlation in data for 1998—-2005. The correlation for
2006 and 2007 data is not as good. The difference
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between the SEI value and the survey value for 2006
and 2007 is about 60%.

Analysis suggests that both licensees and the operators
have failed to accommodate down-time or generation
of electricity that was not exported to the grid. Future
surveys need to obtain an accurate assessment of
megawatt hours exported to the grid. If a comparison is
to be made between site data and SEI energy balance
in the future, greater understanding of the losses in
the systems are required along with accurate landfill
gas utilisation figures and accurate energy generation
values.

In order to compare SEI and licence data in future, it is
advisable that the figure is sourced directly from Eirgrid/
SEl rather than from the energy balance.

3.3 Recommendations

It is clear from the findings of Sections 3.1 and 3.2 that
there are inconsistencies in landfill gas-utilisation plant-
output data.

Itis recommended that the EPA liaise with SEI to ensure
that accurate energy recovery data from landfill gas
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utilisation is reported. This data could then be used to
verify figures reported by licensees.

Based on knowledge of current discrepancies, it is
recommended that accurate information is sought and
audited. This is achievable because:

e There is currently only one supplier of this service
in Ireland;

e Electricity produced is recorded as it is sold to the
grid;
e The maijority of plants have control rooms with

continuous data recording.

Difficulties to date may have been because:

e The utilisation plant provider operates as a separate
entity to the licence holder; or

e There is no specific requirement or waste licence
condition to obtain and maintain accurate records of
landfill gas utilisation.

Section 4 presents a review of data-recording
practices from landfill gas utilisation plants and makes
recommendations for proposed reporting mechanisms.
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4 Recording and Reporting Mechanism

This section of the report addresses Task 2 of the Brief
to:

e Recommend a reporting mechanism for transfer of
information from site to the EPA;

e Recommend a recording mechanism for the landfill
operators on site.

This section of the report has been structured as
follows:

e Introduction to recording and reporting;
e Existing recording practice:
» Recording of waste inputs;
» Recording of flare operations;
» Recording of engine operations;
» Required recording practices;
e Recommended recording and reporting practice:
» Total landfill gas generation;
» Total landfill gas recovered;

» Total emissions.
4.1 Introduction to Recording and
Reporting

The EPA (Office of Enforcement) currently has a
mechanism that requires licensees to record data in the
E-PRTR electronic Excel-based reporting tool. This is
site specific and requires the operator to input emissions
data on an annual basis. Currently, emissions to water,
land, discharges to wastewater, off-site transfers of
waste and emissions to air are recorded. The reporting
tool is stored on the EPA website and the operators can
download it annually, fill in the required information and
upload it on completion. It is related to this project in
that the form asks licensees to submit the mass of CH,
flared or utilised in engines.

Fehily Timoney & Co. Ltd (FTC) has developed a
recording and reporting mechanism to link into this
existing automated reporting tool. The proposed
reporting structure has been kept as succinct as
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possible. The questions and data required have been
based on the results of the survey to ensure that the
data is feasible to collate and report accurately.

To date, the EPA has been concerned primarily with
recording the mass of CH, that is recovered at Irish
landfills. This report recommends broadening the
scope of emissions reporting in order to encourage
an understanding of the potential impacts of landfill
gas generation as a whole. It is proposed to develop
an understanding of total landfill gas generation (see
Equation 4.1 below) and to require reporting of as many
aspects of it as possible.

Total landfill gas generation = total recovered

(flaring and utilisation) + total emissions (Eqgn. 4.1)

Landfill gas is made up of CH,, CO, and trace gas
constituents. Methane and CO, are greenhouse gases.
A number of trace gas constituents are (i) harmful to
the environment; (ii) harmful to human health; and (iii)
odiferous nuisance components. During combustion of
landfill gas, CH, is converted to CO.,. It is recommended
therefore that CO, emissions are also reported.

Evidence from the survey undertaken as part of this
report suggests that licensees do not manage landfill gas
generation holistically. It appears that there is a focus on
engine or flare operation that ignores fugitive emissions
(i.e. the difference between landfill gas recovered and
landfill gas generated). Survey returns indicate that
a lack of understanding and non-prescriptive licence
conditions may be instrumental in this.

The proposed reporting mechanism is designed to
address poor management of gas-extraction systems
by requiring the following information:

e Total landfill gas generation:

» Landfill gas prediction model calibrated for
recovery rates;

» Accurate historical waste inputs (tonnage and
characterisation);
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e Total landfill gas flared:

» Actual gas throughput, actual CH,, CO, and
oxygen concentration recorded on a regular
basis;

e Total landfill gas utilised:

» Actual gas throughput, actual CH,, CO, and
oxygen concentration recorded on a regular
basis;

e Fugitive emissions' (surface emissions and below
ground/lateral emissions).

Section 4.2 examines existing recording practice and
Section 4.3 makes recommendations on how practices
can be improved and subsequently reported to the EPA.

4.2  Existing Recording Practice

Existing recording mechanisms were surveyed and
analysed in order to design a recording and reporting
mechanism that accommodates site capabilities and is
feasible to implement. The mechanism proposed has to
be achievable. The findings and recommendations are
summarised below.

4.2.1
Records of waste inputs are required to predict landfill
gas generation accurately. This will be discussed in

Recording of Waste Inputs

more detail in Section 4.3.1. Of the 58 surveys returned,
a small number of sites made no estimate of historical
landfilling rates. In these cases, and in the absence of
supplementary information, FTC calculated an average
landfilling rate from the total waste input divided by the
number of years of operation.

Less than 25% of sites surveyed had accurate waste
records for the lifetime of their facilities. The sites

1 The Environment Agency in the UK requires monitoring of
the rate of surface emissions from capped areas. Based
on the results of this survey, emissions from uncapped
or temporarily capped areas are likely to be greater than
emissions from capped areas. It is proposed that measuring
emissions from capped areas be postponed until there is a
system in place to measure landfill gas recovery rates and
estimate surface emissions from uncapped areas.
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with accurate waste records are the newest sites.
Approximately 50% of surveyed sites have accurate
records of waste inputs in the latter years of operation
from the late 1990s following installation of weighbridges
on landfills. Prior to the late 1990s there are only
subjective estimates of waste inputs. Approximately
25% of sites do not have any weighbridge records and
all waste inputs have been estimated.

In the absence of weighbridge records, best practice
would have been to undertake studies to best determine
historical inputs using:

e Historical waste records, waste payment records,
etc.;

e \oid space analysis;

e Estimation of base of landfill by depth of wells,
adjacent ground levels, etc.;

e Interviewing of previous staff;
e Economic and population growth in the area.

However, the survey suggests that operators, rather
than making estimates using best practice, estimated
average filling rates based on total waste landfilled
averaged over the number of years of operation.

4.2.2  Recording of Flare Operation

According to the findings of the survey, 86 flares were
operational in the period 1996-2008. As of 2008, there
were 53 operational flares at Irish landfills (survey
respondents).

Automated recording of flare operation is the preferred
method of data capture as it provides a continuous
and electronic record of flare performance. Table 4.1
details the extent of automated recording capabilities.
According to the results of the survey, as of 2008, the
maijority of flares have automated recording capabilities.
It is recommended therefore that the small number of
flares without this capability be upgraded.
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Table 4.1. Automated recording of flare operational data.

Flares operational, 1996-2008

Flares operational, 2008

No. of flares % of flares No. of flares % of flares
Yes No Yes No Yes No Yes No
Gas Quality (Automated) 48 38 56 44 43 10 81 19
Runtime (Automated) 61 25 71 29 47 6 89 11
Throughput (Automated) 48 38 56 44 41 12 77 23

Table 4.2. Manual recording of flare operation.

Flares operational, 1996-2008

Flares operational, 2008

No. of flares % of flares No. of flares % of flares
Yes No Yes No Yes No Yes No
Gas Quality (Manual) 66 12 85 15 46 56 4
Runtime (Manual) 47 25 65 35 37 47 11
Throughput (Manual) 53 22 71 29 39 49 9

Table 4.2 shows the extent of manual recording practices.
In many cases both automated and manual recording
are carried out. Manual recording is carried out using a
number of methods. When monitoring landfill gas quality,
the majority use a landfill gas analyser (60%).

In 30% of cases, the licensees reported that they take
manual flare measurements of gas quality from the flare
supervisory control and data acquisition supervisory
control and data-acquisition (SCADA) system or landfill
SCADA.

When measuring runtime and flow rate, the majority
of manual measurements are taken from the flare
SCADA or landfill SCADA (77% and 62% respectively).
A small proportion of licensees keep a record of
runtime themselves and flow rate is measured using
an anemometer or a pitot tube in 24% of cases. Survey
analysis suggests that the number of cases where flow
rate is measured manually using a pitot tube is actually
lower than reported. Just four operators are using an
anemometer to measure flow rate.

On average, licensees record manual measurements of
gas quality, runtime and throughput on a weekly basis at
over half the flares operating in Ireland. Less than 20%
are recorded monthly and 2% are recorded quarterly.
The remainder do not carry out manual recording.

A summary of flares with neither an automated nor
manual recording mechanism is shown in Table 4.3.
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Table 4.3. Flares without data-recording mechanisms.

No recording No. of flares, No. of flares,
capabilities for 1996-2007 2008
parameters
Gas Quality 9
Runtime 17
Throughput 17

4.2.3  Recording of Engine Operations

There were 25 engines operating at different landfill
sites in Ireland for differing periods during the timeframe
1996-2008. The maximum number of engines operating
at any one time was in 2007 when 22 engines were in
use. There were 21 operational engines in Ireland in
2008. Three additional engines were installed at the end
of 2008 at Arthurstown Landfill but were not operational
in terms of increasing CH, recovery until 2009. It is
assumed that engines are re-used at different sites
as required by BPS. Therefore, to avoid any double
counting of engines, analysis has been carried out for
2007. When asked the question, ‘Is there automated
recording of gas quality, runtime and throughput for
each engine?’, licensees responded that all but 2 of
the engines had the capability. These 2 engines are still
operational and it is not clear from the answers given in
the survey whether manual recording is being carried
out. Runtime is being recorded automatically at the
2 engines. Automated recording data is shown in
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Table 4.4 and manual recording data is shown in
Table 4.5.

Table 4.4. Automated recording of engine operation.

Engines operational, 2007

No. of engines % of engines

Yes No Yes No
Gas Quality (Automated) 20 2 91
Runtime (Automated) 22 0 100 0
Throughput (Automated) 20 2 91

Table 4.5. Manual recording of engine operation.

Engines operational, 2007

No. of engines % of engines

Yes No Yes No
Gas Quality (Manual) 14 8 64 36
Runtime (Manual) 21 95 5
Throughput (Manual) 14 8 64 36

Manual monitoring of engines is carried out as shown
in Table 4.6. Less than half of the engines are checked
manually for gas quality at the inlet using a landfill gas
analyser. Monitoring of flow at the input to the engines
is carried out at one-third of the engines. Runtime is
recorded manually in less than 10% of cases.

Table 4.6. Manual measurement methods of engine
operation.

Manual measurement methods No. of % of
engines engines

Quality Using a landfill gas 10 45
analyser
From SCADA 4 18

Runtime From SCADA 17 77
From no. days running 2 9

Throughput  Anemometer 8 32
From SCADA 4 16
From no. days 2 8
running

4.2.4  Required Recording Practices

Significant improvements in data management are
required to allow accurate measurement of CH,
recovery at Irish landfills.
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An example of existing poor practice is outlined here:

e The flare screen recorded that the unit ran for a total
of 274 hours in 2007. The operator estimates that
average methane content was 34% v/v over the
year and that the blower ran at approximately 50%
on a 500 mé/hr flare;

e The operator then estimates that 23,290 m?%hr of
methane was recovered in 2007 (500 x 50% x 274
x 34%).

The problems with the above are:

e The flare may record partial hours as a full hour or,
unless it ran for 60 minutes, as zero hours so the
274 hours runtime may not be entirely accurate;

e The estimate of methane content is based on the
landfill manager’s estimate rather than recorded
figures;

e Landfill gas throughput/flow is estimated rather than

recorded.

Three critical parameters need to be recorded

continuously to collate accurate records of CH, recovery:
1 Flare or engine runtime;
2 Volume of landfill gas throughput;

3 Quality of the landfill gas (concentration by volume
of CH,, CO, and oxygen).
All

fit for purpose. The parameters should be recorded
continuously to an electronic database where the

monitoring equipment should be calibrated and

licensee can call up a summary of 1 day, 1 week, 1
month etc. The outputs should be an accurate sum of
the exact volume of CH, recovered in each individual
flare or engine.

Currently flares and engines at landfill sites either have:

e Anindividual SCADA system; or
e An integrated landfill SCADA system; or
e No recording mechanism at all.

Flares with no recording mechanism tend to be older,
or temporary, or acting as backup to another treatment
mechanism. The majority of flares and engines have
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an independent SCADA system. Typically, landfill
managers do not use these SCADA systems to populate
an electronic database. Instead, snapshot readings are
taken from the computer screen. Most commonly, the
SCADA is programmed only to continuously record the

sum of the runtime in hours.

These independent SCADA systems should be linked
to the landfill SCADA system and programmed to
record runtime, throughput, gas quality and pressure
continuously against time, in order to provide an
electronic database of flare and engine performance.

In the interim period, all parameter values should be
noted daily and then entered into an electronic database.
Licensees should also have a back-up recording
procedure in place in case one or more of the automated
monitoring instruments fail. It is recommended that
licensees take manual measurements of gas quality,
and throughput (flow and runtime) on a weekly basis.
This data can be used to confirm that the automated
instruments are recording correctly and in the event
that an automated instrument fails, licensees should
increase the frequency of manual monitoring to daily.

The manual measurement of gas quality and flow should
be measured at the inlet to the flare. Interruptions to
runtime should be recorded manually by date, time and
hours offline. It is important to correlate runtimes to gas
quality and throughput. It is not sufficient to record that
the flare was down for 10% of the month or year.

Table 4.7 gives a recommended format for a dataset of
manual recordings.

In the event that an automated instrument failed, this
data could be used to make a reasonable estimate of

CH, recovery that week. If licensees were obliged to
chart CH, recovery on a weekly basis, it is believed
that this would lead to an improved understanding of
the process and therefore improved management and
landfill gas recovery.

4.3 Recommended Recording and

Reporting Practice

A reporting system has been designed to survey the
following on an annual or monthly basis from licensees:

e Total landfill gas generation;
e Total landfill gas recovered;
e Total landfill gas emitted to the atmosphere.

The reporting sheet has therefore been set up for
licensees to fill in in the following order:

e Theoretical gas production (LandGEM model), X;

e Actual gas recovery (measured gas-extraction
flow), Y;

e Uncontrolled releases, Z:
» landfill gas that is not captured by extraction, Z;;

» conversion of CH, to CO, during combustion, Z,

(Equation 4.2).
X-Y=Z (Z, + Z,) (Eqn. 4.2)
Every site will have uncontrolled releases. The

proportion of uncontrolled releases to actual gas
extraction from individual sites will be dependent on a
number of factors. It is recommended that licensees are
obliged to ensure that percentage recovery improves
with time. For example, sites might aim towards an 85%
capture rate for a fully engineered and capped site.

Table 4.7. Recommended recording of manual measurements.

Week Downtime Flow Pipeline CH, Cco, o,
(hrs) (m?3/hr) pressure (%viv) (% viv) (% viv)
(mbg)
Week 1 1 500 -20 45 30 4
Week 2 24 450 -18 43 31
Week 3 5 500 -20 44 29
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4.3.1 Reporting Total Landfill Gas Generation

Based on the information collated in the surveys, landfill

gas prediction modelling was carried out for 8 landfill

sites using LandGEM and for 4 landfill sites using both

LandGEM and GasSim Lite (the first 4 sites in this list):

e Arthurstown Landfill, Co. Kildare (South Dublin
County Council);

e KTK Landfill, Co. Kildare (Greenstar);

e Knockharley Landfill, Co. Meath (Greenstar);

e Kinsale Road Landfill, Cork (Cork City Council);

Landfill, Co.

e FEast Galway Residual

(Greenstar);

Galway

e Gortadroma Landfill, Co. Limerick (Limerick County
Council);

e Pollboy Landfill, Co. Galway (Ballinasloe Town
Council);

e Ballydonagh Landfill, Co. Westmeath (Westmeath
County Council).

Sites were chosen where good landfill gas recovery
data was available and also to represent:

e Different moisture conditions east and west of the
country; and

e Various sizes of landfill.

The following steps were followed when modelling each
site:

e The volume of gas reported as flared and or utilised
(gas-extraction flow rate) was tabulated;

e A collection efficiency of 70% was assumed for
each of the sites modelled (because none are fully
capped);

e The volume of theoretical gas production was
calculated by adjusting the recorded gas-extraction
flow rate upwards by 30%. The data was graphed
and labelled as ‘Actual Landfill Gas Production’;

e AlLandGEM model was prepared using the recorded
waste inputs from the site survey. This produced a
predicted landfill gas production curve, which was
graphed against the ‘Actual Landfill Gas Production’
curve;
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e The predicted landfill gas prediction curve was

calibrated by adjusting the following model
parameters to fit the predicted curve as closely
as possible to the actual gas recovery curve. The

parameters that can be adjusted are:

» CH, generation rate;

» Potential CH, generation capacity;

» Non-methane organic compound concentration;
» CH, concentration.

This was repeated for each site and average

parameters for CH, generation rate and potential CH,
generation capacity for the east of Ireland and the west
of Ireland were calculated. Table 4.8 gives these model
parameters.

Table 4.8. LandGEM parameters/factors for Irish
landfills.

Averages CH, generation rate, k Potential CH,
(year™) generation capacity,
Lo (m*/Mg)
East 0.32 112
West 0.30 131

Following this exercise, aLandGEM model was prepared
for each of the licensed landfills that participated in the
survey,? employing the use-defined parameters for the
CH, generation rate and for the potential CH, generation
capacity, as shown in Table 4.8.

It is proposed to issue the model to each of the sites
and for the licensees to take ownership of, and update
it annually, with the tonnage of waste landfilled in the
preceding year. An instruction on using the model will
be included in the reporting tool. It is proposed to ask
licensees to make a proposal to the EPA justifying
any intended changes to the model — for example, to
improve estimates of waste inputs where weighbridge
records are not available. The output from the model
will give a predicted volume of landfill gas generated

2 A model has been prepared for each of the 58 sites that
responded to the survey. Accurate historical waste inputs
and projected waste inputs until closure would be required
to model the remaining sites. Once that data is available,
the models can be completed in a short timeframe.
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for the preceding reporting year. This value has to be
inserted by the licensee into the reporting sheet.

4.3.2  Reporting Total Landfill Gas Recovered

Total landfill gas recovered is represented by the value
Y, where X-Y=Z (Z, + Z,). This is the sum of landfill
gas flared and/or utilised and is measured in cubic
metres per annum (m®p.a.). It is proposed to request
that licensees compile the data on a monthly basis to
improve accuracy. Table 4.9 is a sample of the proposed
table that a licensee will be asked to complete for each
and every flare and engine operated on site. The tool
will sum the total CH, and carbon recovery rates from
each flare and engine to provide a total value for the
site, the value Y, where X-Y=Z (Z, + Z,).

4.3.3
Total emissions are represented by the value Z. Z is
equal to Z, plus Z,, and it represents the proportion of
gas that is released to the atmosphere.

Reporting Total Emissions

Total emissions are summed from:

e Z,, volume of landfill gas that is not collected by the

extraction system, i.e. emissions from:
» The active face;

» Uncapped areas;

Table 4.9. Reporting format for landfill gas recovery.

» Temporary capped areas;

» Accidental releases from capped areas, e.g.
venting wells;

»  Migration from unlined areas.

e Z,, volume of CO, released during combustion (in

flares and engines);

During combustion CH, is converted to carbon
dioxide and water (Equation 4.3).

CH, + 20, — CO, + 2H,0 (Egn. 4.3)

98% of CH, is combusted and is converted to CO.,.

This results in emissions of CO.,.
Box 4.1 gives an example of a calculation of total
emissions from a landfill. The calculation is included in
the reporting tool and will be based on inputs of predicted
landfill gas generation X and total recovered landfill
gas Y. It will automatically calculate total emissions
including:

e Total mass of carbon emitted;
e Total mass of carbon recovered;
E-PRTR report format:

» CH, emissions (kg/yr)

» CO, (kglyr).

Month Method Recorded landfill Average CH, Average CO, Average CH, Average CO,
gas throughput
M/C/E m? %viv %viv m? m?
January 279,000 35 30 97,650 83,700
February 279,000 35 30 97,650 83,700
March 279,000 35 30 97,650 83,700
April 279,000 35 30 97,650 83,700
May 279,000 35 30 97,650 83,700
June 279,000 35 30 97,650 83,700
July 279,000 35 30 97,650 83,700
August 279,000 35 30 97,650 83,700
September 279,000 35 30 97,650 83,700
October 279,000 35 30 97,650 83,700
November 279,000 35 30 97,650 83,700
December 279,000 35 30 97,650 83,700
md/year 3,348,000 1,171,800 1,004,400
kglyear 840,181 1,988,712
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Box 4.1 Example of calculating total emissions for an average sized lined landfill with a capped area, an uncapped
area and an active face.

There is a gas-extraction system in the capped area and a temporary system in the uncapped area and the active
face. The gas prediction model output for predicted landfill gas generation 